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Identification of bacteria from aerobic and anaerobic blood cultures after short cultivation by matrix-assisted laser desorption/ ionization-time-of-flight mass spectrometry
Timely identification of bacterial agents that cause invasive bloodstream infections is of crucial importance. These clinical conditions require early and appropriate antibiotic intervention to prevent their progress into life-threatening septicaemia. Blood culture remains a gold standard technique for detection of bloodstream pathogens; however, its inherent time delay drives clinical microbiology laboratories to find methodological alternatives to speed up the whole process. PCR-based techniques are increasingly utilized for early diagnosis, but their application in detecting bacteria directly from blood is currently limited, mostly due to unresolved diagnostic accuracy and high costs (Liesenfeld et al., 2014; Mancini et al., 2010) . Recently, bacterial identification was accelerated tremendously by using matrixassisted laser desorption/ionization-timeof-flight (MALDI-TOF) mass spectrometry. We aimed to develop an easy-to-implement MALDI-TOF-based method for identification of positive blood cultures that would substantially reduce the time interval between blood culture signalling and definitive bacterial identification.
The following protocol was developed. After the culture bottle (Bactec Plus Aerobic/F or Bactec Plus Anaerobic/F) turned positive in the BD BACTEC system (Becton Dickinson), 1 ml of broth was drawn with a syringe and centrifuged at 75 g for 5 min to separate bacteria from pelleted blood cells. Then 500 ml of supernatant was transferred to a clean microtube and centrifuged at 13 000 g for 5 min. Approximately 490 ml of the supernatant was discarded and bacterial pellet was resuspended in the remaining liquid. 5 ml of bacterial suspension was dropped on a Columbia sheep blood agar plate (Oxoid) preheated to 37 8C and incubated for 2 h at 37 8C under normal aerobic atmosphere. Bacterial cell mass was scraped off from the agar plate using a wooden toothpick, transferred to a single spot of the Bruker Biotyper (Bruker Daltonics) sample plate and analysed as recommended by the manufacturer.
The method was evaluated on all positive blood cultures that were collected within a 2 month period from all clinical wards of the Motol University Hospital in Prague (2200 beds) that microscopically showed a single bacterial species in the sample. In total, we tested 128 blood cultures from 84 patients. The results of bacterial identification are summarized in Table 1 . We obtained species identification (MALDI-TOF score .1.9) in 94 % (47/50) of Gram-negative and over 70 % (55/78) of Gram-positive bacteria. Notably, the preliminary species identification of all genus level-scoring isolates (MALDI-TOF score 1.7-1.9) was in accordance with definitive species classification. The lower success rate in Gram-positives was caused largely by the inability to classify ca. 30 % (12/39) of coagulase-negative staphylococci (CoNS). Difficulties with direct MALDI-TOF based identification of CoNS from blood cultures have been described (Bhatti et al., 2014; Croxatto et al., 2012; Ferreira et al., 2011; Idelevich et al., 2014; La Scola, 2011; Mestas et al., 2014; Rodríguez-Sánchez et al., 2014) and are apparently independent of the method used. Prolonging the time of plate incubation has been shown to improve the identification rate of CoNS (Bhatti et al., 2014; Idelevich et al., 2014) and this approach is therefore likely to improve the performance of our method as well.
Our method complements a recently published protocol on detecting bacteria from blood cultures, which also utilized short cultivation of concentrated bacterial suspension on prewarmed agar plates (Bhatti et al., 2014) . Our results provide independent evaluation of this approach for another major brand of MALDI-TOF instruments (MALDI Biotyper) and slightly different incubation and centrifugation conditions. In addition, our study also included anaerobic blood cultures. Remarkably, the success rate of species identification was identical for both aerobic and anaerobic cultures (80 %, Table 1 ). This is attributable to the fact that bacteria most frequently encountered in anaerobic culture bottles (Meex et al., 2012) are facultative anaerobes and thus can grow during the aerobic incubation step.
In conclusion, the presented method allows species-level identification of 80 % of pathogens from positive bacterial blood cultures in less than 3 h after culture bottle signalling, being applicable to both aerobic and anaerobic cultures. With no extra costs, this protocol offers an easy-to-perform alternative to conventional overnight culturing of blood culture bacteria. It has been implemented into our laboratory routine since August 2014 as the default method for positive blood culture processing. Earlier species-level identification (by approximately 16-24 h as compared to conventional next day identification of grown cultures) opens an opportunity for more timely commencement of targeted antimicrobial therapy. *As identified by MALDI-TOF from a single colony after overnight incubation; additional tests for definitive identification were performed where needed (Salmonella, Escherichia/Shigella, S. pneumoniae). DMicroscopically monobacterial positive blood cultures.
dThe score values were interpreted according to Seng et al. (2009) . All isolates with score .1.7 were identified correctly to the species level (as confirmed by subsequent MALDI-TOF testing from an overnight colony).
